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[57] ABSTRACT

A small-sized semiconductor integrated circuit is provided
in which the potential of a predetermined node can be set to
an intermediate potential in a short period after a power
source is turned on. By using a power on reset signal which
is inverted when a source potential is set to a predetermined
intermediate potential, a P channel MOS transistor whose
source directly receives the source potential supplies charges
to the predetermined node at an early stage after the power
source is turned on until the source potential reaches the
intermediate potential.

8 Claims, 8 Drawing Sheets
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SEMICONDUCTOR INTEGRATED CIRCUIT
FOR OUTPUTTING AN INTERMEDIATE
POTENTIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor inte-
grated circuit which operates by using two kinds of source
potentials and an intermediate potential therebetween, and
more particularly to a semiconductor integrated circuit in
which an intermediate potential generating circuit for sup-
plying the intermediate potential is provided.

2. Description of the Background Art

FIG. 13 is a block diagram showing the structure of
intermediate potential generating circuits and peripheral
circuits of a DRAM (dynamic random access memory)
according to the prior art described in Japanesec Patent
Laying Open Gazette No. 5-120873. In FIG. 13, the refer-
ence numeral 1 designates a power on detecting circuit for
detecting that an external power source is turned on and an
external source potential VCC reaches a preset potential to
generate detecting signals PONA and PONB, the reference
numeral 2 designates an internal power circuit for generating
an internal source potential VINT which is lower than the
external source potential VCC on receipt of the external
source potential VCC, the reference numeral 3 designates a
first intermediate potential generating circuit having the
greater intermediate potential driving ability to generate and
supply a first intermediate potential HV1 to an intermediate
potential supply contact on receipt of the external source
potential VCC and a reference voltage V 5. and to stop the
function of supplying the first intermediate potential HV1 to
the intermediate potential supply contact and to generate an
intermediate potential when the detecting signal PONA is
generated and the first intermediate potential HV1 reaches a
predetermined potential, and the reference numeral 4 des-
ignates a second intermediate potential generating circuit for
generating a second intermediate potential HV2 on receipt
of the internal source potential VINT and for supplying the
second intermediate potential HV2 to the intermediate
potential supply contact with the intermediate potential
driving ability which is smaller than that of the first inter-
mediate potential generating circuit 3 when the detecting
signal PONB is generated.

FIG. 14 is a circuit diagram showing the structure of the
first intermediate potential generating circuit 3 in FIG. 13
which has been described in Japanese Patent Laying Open
(razette No. 5-120873, for example. FIG. 135 is a circuit
diagram showing the structure of the second intermediate
potential generating circuit 4 of FIG. 13 which has been
described in Japanese Patent Laying Open Gazette No.
5-120873, for example.

FIG. 16 is a waveform chart for a signal of each portion
for explaining the operation of the first and second interme-
diate potential generating circuits 3 and 4 shown in FIG. 13.

As shown in FIG. 16, the power on detecting circuit 1
detects that the external source potential VCC reaches 5 V,
and generates the detecting signal PONA which is changed
from the external source potential VCC to a ground
potential, and the detecting signal PONB which is changed
from the ground potential to the external source potential
VCC.

FIG. 17 is a circuit diagram showing the structure of a
reference voltage generating circuit according to the prior art
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which has been described in Japanese Patent Laying Open
(Gazette No. 5-114291, for example. The reference voltage
generating circuit according to the prior art has a reference
voltage source 15 and a reference voltage wiring driving
circuit 2b, and supplies a reference voltage to an internal
step-down circuit 4b by a reference voltage wiring 3b. The
reference voltage source 1/ generates an internal step-down
potential Vrefd (=3.3 V).

FIG. 18 is a waveform chart for a signal of each portion
for explaining the operation of the reference voltage gener-
ating circuit shown in FIG. 17 which has been described in
Japanese Patent Laying Open Gazette No. 5-114291. When
a power source is turned on. transistors Q, and Q, shown in
FIG. 17 are turned on so that a reference voltage V o can
be raised in a short time. As shown in FIG. 18, when the
external source potential Vdd exceeds 4.0 V, the transistor
Q, shown in FIG. 17 is turned off so that the reference
voltage Voo is raised to 3.3 V by only the transistor Q,
having the smaller current ability shown in FIG. 17.

The intermediate potential generating circuit according to
the prior art has the above-mentioned structure. In the case
where two intermediate potential generating circuits are
used as shown in FIG. 13, the potential of the intermediate
potential supply contact can be set to a predetermined
intermediate potential more guickly than in the case where
only the second intermediate potential generating circuit 4
having the smaller driving ability is used. However. the
intermediate potential generating circuit 3 generates a volt-
age which is lower than a difference between the source
potential and the ground potential, that is. half of the source
potential VCC. For this reason, the source potential VCC
needs a very long time (which is twice as much as the time
to reach the intermediate potential or more) in order for the
potential of the intermediate potential supply contact to
reach a predetermined intermediate potential as shown in
FIG. 16.

The reference voltage generating circuit according to the
prior art shown in FIG. 17 has a structure in which the
transistor Q, is driven by a differential amplifier 21. and is
turned off before the reference voltage V oo reaches 3.3 V
when the source voltage Vdd exceeds a predetermined
voltage of 3.3 V, that is, it reaches 4 V, and the reference
voltage Voo is then raised to 3.3 V by the transistor Q.
having the smaller driving ability.

Since the reference voltage V ... is raised to 3.3 V by only
the transistor Q. having the smaller driving ability, a very
long period is required until the reference voltage V.
reaches 3.3 V after the source voltage Vdd exceeds 3.3 V.

The semiconductor integrated circuit according to the
prior art includes the intermediate potential generating cir-
cuit 3 having the greater driving ability shown in FIG. 14,
the power on detecting circuit 1 shown in FIG. 13. the
differential amplifier 21 shown in FI1G., 17, and a circuit for
generating a signal ¢p,, Which is not shown in FIG. 17.
Such a circuit structure is complicated so that the layout area
is increased.

SUMMARY OF THE INVENTION

A first aspect of the present invention is directed to a
semiconductor integrated circuit comprising an intermediate
potential generating circuit for generating an intermediate
potential between a source potential and a ground potential
to apply the intermediate potential to a predetermined node
having a capacitance with the ground potential, at least one
P channel MOS transistor having a source to which the

source potential is applied. a drain connected to the prede-
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termined node, and a gate, and a reset signal gencrating
circuit for applying the ground potential to the gate of the at
least one P channel MOS transistor until the source potential
reaches the intermediate potential after a power source is
turned on. and for applying the source potential to the gate
of the at least one P channel MOS transistor so as to turn off

the at least one P channel MOS transistor aiter the source
potential reaches the intermediate potential.

A second aspect of the present invention is directed to a
semiconductor integrated circuit comprising an intermediate
potential generating circuit for generating an intermediate
potential between a source potential and a ground potential
to apply the intermediate potential to a predetermined node
having a capacitance with the ground potential, at least one
P channel MOS transistor having a source to which the
source potential is applied, a drain connected to the prede-
termined node, and a gate, and a reset signal generating
circuit for applying the ground potential to the gate of the at
least one P channel MOS transistor until the potential of the
predetermined node reaches the intermediate potential after
a power source is turned on, and for applying the source
potential to the gate of the at least one P channel MOS
transistor so as to turn off the at least one P channel MOS
transistor after the potential of the predetermined node
reaches the intermediate potential.

A third aspect of the present invention is directed to the
semiconductor integrated circuit according to the first or
second aspect of the present invention wherein the prede-
termined node includes a wire, the at least one P channel
MOS transistor includes a plurality of P channel MOS
transistors, and the plurality of P channel MOS transistors
are dispersed and connected all over the wiring if a capaci-
tive load is distributed all over the wire.

A fourth aspect of the present invention is directed to a
semiconductor integrated circuit comprising a predeter-
mined node having a capacity with a ground potential, an
intermediate potential generating portion for generating a
first intermediate potential between the ground potential and
a source potential, and a current mirror circuit portion which
is connected between the predetermined node and the inter-
mediate potential generating portion, is formed in such a
manner that an output current can be turned on and off by
ORing of a control signal and a power on reset signal, and
amplifies a current which should be supplied to the prede-
termined node to apply the second intermediate potential to
the predetermined node based on the first intermediate
potential received from the intermediate potential generating
portion, wherein the power on reset signal is changed to a
level at which the current mirror circuit portion is turned off
when the potential of the predetermined node almost reaches
the second intermediate potential after a power source is
turned on.

According to the first aspect of the present invention, the
second ground potential is given to the gate of the P channel
MOS transistor until the source potential reaches the inter-
mediate potential after the power source is turned on.
Consequently, the potential of the predetermined node 1s
raised by the P channel MOS transistor in almost the same
manner as the source potential. When the P channel MOS
transistor is turned off by the reset signal generating circuit,
the potential of the predetermined node is set to the inter-
mediate potential. Consequently, the potential of the prede-
termined node which should supply the intermediate poten-
tial can be set to an objective intermediate potential
immediately after the power source is turned on.
Furthermore, only the P channel MOS transistor should be
added besides the reset signal generating circuit. Thus, the
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layout area is reduced so that the integration of the semi-
conductor integrated circuit can be enhanced.

According to the second aspect of the present invention,
the ground potential is given to the gate of the P channel
MOS transistor until the potential of the predetermined node
reaches the intermediate potential after the power source is
turned on. Consequently, the potential of the predetermined
node is raised by the P channel MOS transistor in almost the
same manner as the source potential. When the P channel
MOS transistor is turned off by the reset signal generating
circuit, the potential of the predetermined node is set to the
intermediate potential. Consequently, the potential of the
predetermined node which should supply the intermediate
potential can be set to an objective intermediate potential
immediately after the power source is turned on.
Furthermore, only the P channel MOS transistor should be
added besides the reset signal generating circuit. Thus, the
layout area is reduced so that the integration of the semi-
conductor integrated circuit can be enhanced.

According to the third aspect of the present invention, the
charges are supplied by the P channel MOS transistors
which are dispersed and connected to the wiring.
Consequently, the whole wiring can be set to the predeter-
mined intermediate potential almost uniformly.

According to the fourth aspect of the present invention,
the current mirror circuit portion supplies the charges to the
predetermined node by the power on reset signal until the
potential of the predetermined node almost reaches the
second intermediate potential when the power source is
turned on. Consequently, the potential of the predetermined
node can be set to the second intermediate potential before
the current mirror circuit portion is controlled by the control
signal. Thus, the accurate operation can be performed imme-
diately after the power source is turned on while driving the
predetermined node with low consumed power and great
driving force.

In order to solve the above-mentioned problems, it is an
object of the present invention to provide a semiconductor
integrated circuit having a small layout area in which the
potential of a node that should supply an intermediate

potential can be set to an objective intermediate potential
immediately after a power source is turned on.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a part of the structure
of a semiconductor integrated circuit according to a first
embodiment of the present invention,

FIG. 2 is a waveform chart for explaining the operation of
the semiconductor integrated circuit shown in FIG. 1;

FIG. 3 is a circuit diagram showing an example of the
structure of an intermediate potential gemerating circuit
shown in FIG. 1;

FIG. 4 is a circuit diagram showing an example of the
structure of a power on reset circuit shown in FIG. 1;

FIG. 5 is a block diagram showing a part of the structure

of a semiconductor integrated circuit according to a second
embodiment of the present invention;

FIG. 6 is a block diagram showing a part of the structure
of a semiconductor integrated circuit according to a third
embodiment of the present invention;

FIG. 7 is a block diagram for explaining a fourth embodi-
ment of the present invention;
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FIG. 8 is a block diagram showing a part of the structure
of a semiconductor integrated circuit according to the fourth
embodiment of the present invention;

FIG. 9 is a circuit diagram showing an example of the
structures of intermediate potential generating circuits
shown in FIGS. 7 and 8;

FIG. 10 is a waveform chart for explaining the operation
of the semiconductor integrated circuit shown in FIG. 7;

FIG. 11 is a waveform chart showing a power on reset
signal shown in FIG. 8;

FIG. 12 is a waveform chart for explaining the operation
of the intermediate potential generating circuit shown in

FIG. 8;

FIG. 13 is a block diagram showing an exampile of the
structure of a semiconductor integrated circuit using an
intermediate potential according to the prior art;

FIG. 14 is a circuit diagram showing the structure of an
intermediate potential generating circuit having the greater
driving ability shown in FIG. 13;

FIG. 15 is a circuit diagram showing the structure of an
intermediate potential generating circuit having the smaller
driving ability shown in FIG. 13;

FIG. 16 is a waveform chart for explaining the operation
of the semiconductor integrated circuit shown in FIG. 13;

FIG. 17 is a block diagram showing another example of
the structure of the semiconductor integrated circuit using
the intermediate potential according to the prior art; and

FIG. 18 is a waveform chart for explaining the operation
of the semiconductor integrated circuit shown in FIG. 17.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
First Embodiment

A semiconductor integrated circuit according to a first
embodiment of the present invention will be described
below with reference to FIGS. 1 to 4. FIG. 1 is a block
diagram showing a part of the structure of a semiconductor
integrated circuit according to the first embodiment of the
present invention. In FIG. 1, the reference numeral 30
designates a node whose potential should be set to an
intermediate potential that is provided in the semiconductor
integrated circuit, the reference numeral 31 designates an
intermediate potential generating circuit for usually keeping
the potential of the node 30 at a predetermined intermediate
potential, the reference numeral 32 designates a power on
reset circuit for changing a power on reset signal POR when
a source potential Vdd reaches the predetermined interme-
diate potential, the reference numeral 33 designates an
inverter having a CMOS structure which outputs an inverted
signal PORB on receipt of the power on reset signal POR,
the reference numeral 34 designates a P channel MOS
transistor having a source to which the source potential Vdd
is given, a drain connected to the node 30, and a gate for
receiving the inverted signal PORB from the inverter 33, and
the reference numeral 35 designates a capacitance between
the node 30 and a ground potential GND.

The intermediate potential generating circuit 31 is of a
low consumed power type. and has a lower driving ability
and a very high output impedance. The power on reset
circuit 32 and the inverter 33 form a reset signal generating
circuit.

FIG. 2 is a waveform chart showing the operation of the
circuit in FIG. 1. As shown in FIG. 2, when the operation of
a power source is started, the power on reset signal POR
rises with almost the same gradient as that of an increase in
the power potential Vdd (the change of a potential/a time).
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The inverter 33 has a CMOS structure, and keeps an
output thereof at a low level until the source potential Vdd

¢xceeds the threshold voltage of a P channel MOS transistor
forming the inverter 33. The power on reset signal POR has
almost the same value as that of the source potential Vdd
until a predetermined intermediate potential VMID is
reached. For this reason, the inverter 33 outputs a low level
as the inverted signal PORB until the predetermined inter-
mediate potential VMID is reached. The P channel MOS
transistor 34 is conductive while the inverted signal PORB
has the low level. If the driving ability of the transistor 34
is sufficiently great, a potential Vh of the node 30 is
increased almost with a rise in the source potential Vdd.
When a predetermined time t1 passes and the source
potential Vdd reaches the predetermined intermediate poten-
tial VMID, the power on reset circuit 32 detects that the
source potential Vdd is equal to the intermediate potential
VMID. The power on reset circuit 32 changes the power on
reset signal POR from the value of the source potential Vdd
to a low level (the value of the ground potential GND). With
this change, the inverter 33 changes the output thereof to a

potential having almost the same value as that of the source
potential Vdd. The P channel MOS transistor 34 whose gate

receives the output of the inverter 33 becomes non-
conductive so that the supply of charges to the node 30 is
stopped. For this reason, the potential Vh of the node 30
becomes almost equal to the predetermined intermediate
potential VMID. Since the intermediate potential generating
circuit 31 has a very high output impedance, a current which
flows from the node 30 to the intermediate potential gener-
ating circuit 31 is very small. After the transistor 34 is turned
off, the potential Vh of the node 30 is almost kept at the
predetermined intermediate potential VMID.

At a time t2 immediately after the source potential Vdd
reaches the predetermined potential VDD, the intermediate
potential generating circuit 31 outputs an accurate interme-
diate potential VMID. At this time, the potential Vh of the
node 30 is almost equal to the predetermined intermediate
potential VMID. Consequently, the potential Vh of the node
30 is immediately set to the accurate intermediate potential
VMID by the intermediate potential generating circuit 31.

When the power source is turned on, the P channel MOS
transistor 34 is directly controlied by the signal PORB which
is obtained by inverting the power on reset signal POR so
that the node 30 is directly driven by the power source
through the transistor 34. Consequently, the potential of the
node 30 can be set to an objective intermediate potential
VMID in a very short time as compared with the cases where
the node 30 is driven by only the intermediate potential
generating circuit and where the transistor is controlled by
the differential amplifier.

Furthermore, only the inverter 33 and P channel MOS
transistor 34 should be added besides the power on reset
circuit 32. Therefore, the layout area is hardly increased.

FIG. 3 shows an example of the structure of the interme-
diate potential generating circuit 31.

The intermediate potential generating circuit shown in
FIG. 3 includes a P channel MOS transistor Q20 having a
drain, a source to which a source potential Vdd is given, and
a gate to which a ground potential GND is given, a P channel
MOS transistor Q21 having a gate, a drain, a source con-
nccted to the drain of the transistor Q20. and a subsitrate
connected to the drain of the transistor Q20. an N channel
MOS transistor Q22 having a drain connected to the source
of the transistor Q21. a gate connected to the gate and drain
of the transistor Q21, and a source to which the ground
potential GND is given, an N channel MOS transistor Q23
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having a source to which the ground potential GND is given,
a gate connected to the gate of the transistor Q22, and a drain
connected to the gate of the transistor Q22, a P channel MOS
transistor Q24 having a gate, a source to which the source
potential Vdd is given, and a drain connected to the drain of
the transistor Q23. a P channel MOS transistor Q25 having
a source to which the source potential Vdd is given. a gate
connected to the gate of the transistor Q24, and a drain
connected to the gate of the transistor Q24, an N channel
MOS transistor Q26 having a source, a gate connected to the
gate of the transistor Q23 and a drain connected to the drain
of the transistor Q25. a resistor R10 having a first end
connected to the source of the transistor Q26 and a second
end to which the ground potential GND is given, a P channel
MOS transistor Q27 having a source to which the source
potential Vdd is given, a gate connected to the drain of the
wransistor Q25. and a drain connected to the node 30. an
NPN transistor Q28 having an emitter, a collector connected
to the drain of the transistor Q27. and a base connected to the
drain of the transistor Q27, and a resistor R11 having a first
end connected to the emitter of the transistor Q28 and a
second end to which the ground potential GND is given.

The transistors Q27 and Q28 and the resistor R11 con-
nected in series and respectively between the source poten-
tial Vdd and the ground potential GND. For this reason. the
node 30 generates a potential Vh which is higher than the
ground potential GND by voltages generated by the tran-
sistor Q28 and the resistor R11.

FIG. 4 shows an example of the structure of the power on
reset circuit 32. The power on reset circuit shown in FIG. 4
includes a P channel MOS transistor Q30 having a gate, a
drain, and a source to which a source potential Vdd is given,
a P channel MOS transistor Q31 having a source connected
to the drain of the transistor Q30, a gate connected to the
drain of the transistor Q30. and a drain connected to the
drain of the transistor Q30. an N channel MOS transistor
Q32 having a gate connected to the drain of the transistor
Q30, a source to which a ground potential GND is given. and
a drain to which the ground potential GND is given, a
resistor R20 having a first end connected to the gate of the
transistor Q32 and a second end to which the ground
potential GND is given, a P channel MOS transistor Q33
having a drain, a source to which the source potential Vdd
is given. and a gate connected to the first end of the resistor
R20. an N channel MOS transistor Q34 having a drain
connected to the drain of the transistor Q33. a source to
which the ground potential GND is given. and a gate
connected to the first end of the resistor R20, a P channel
MOS transistor Q38 having a gate connected to the drain of
the transistor Q34, a drain to which the source potential Vdd
is given, and a source to which the source potential Vdd is
given, a P channel MOS transistor Q36 having a gate
connected to the gate of the transistor Q3S, a source to which
the source potential Vdd is given, and a drain connected to
the gate of the transistor Q34, an N channel MOS transistor
Q37 having a drain connected to the drain of the transistor
Q36. a gate connected to the gate of the transistor Q36, and
a source to which the ground potential GND is given. an
inverter 40 having a CMOS structure which is provided with
an output end and an input end connected to the drains of the
transistors Q33 and Q34. and to which the source potential
Vdd and the ground potential GND are given for operation.
and an inverter 41 having a CMOS structure which is
provided with an output end for outputting a power on reset
signal POR and an input end connected to the output end of
the inverter 40. and to which the source potential Vdd and
the ground potential GND are given for operation.
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The drain of the transistor Q30 is connected to the gate of
the transistor Q34. By adjusting the threshold voltage at
which the transistor Q34 is turned on and the resistance
values of the transistor C)30 and the resistor R20. the
potential which changes the power on reset signal POR can
be set optionally. By using this fact, the potential which
changes the power on reset signal POR is set to the prede-
termined intermediate potential VMID. |

When the power source is turned on in the state set as
described above. the transistor Q34 is turned on when the
source potential Vdd reaches the intermediate potential
VMID. Consequently, the power on reset signal POR output
from the inverter 41 is changed to a low level. At the same
time, the transistor Q36 is turned on so that the gates of the
transistors Q33 and Q34 are fixed to a high level. The
transistor Q31 does not operate in the state shown in FIG. 4.
However, when adjusting the potential at which the transis-
tor Q34 is turned on. the gates of the transistors Q30 and
Q31 can be separated.

Second Embodiment

A semiconductor integrated circuit according to a second
embodiment of the present invention will be described
below with reference to FIG. §. FIG. § is a block diagram
showing a part of the structure of the semiconductor inte-
grated circuit according to the second embodiment of the
present invention. In FIG. 5, the reference numeral 5@
designates a signal generating circuit for outputting a signal
POR which determines a timing for turning off a transistor
Q34. and the same reference numerals designate the same
portions as in FIG. 1.

The signal generating circuit 5@ is different from the
power on reset circuit shown in FIG. 4 in that a P channel
MOS transistor Q30A is used in place of the transistor Q30
and the drains of transistors Q33 and Q34 are directly
connected to an inverter 33. The signal generating circuit 3¢
and the inverter 33 form a reset signal generating circuit.

The sources of the transistors Q30A and Q30 are con-
nected to different nodes. The source potential Vdd is given
to the source of the transistor Q30 and a potential Vh of a
node 30 is given to the source of the transistor Q30A.

The signal POR output from the signal generating circuit
50 is inverted when the potential Vh of the node 30 reaches
a predetermined intermediate potential VMID. Accordingly,
the signal POR output from the signal generating circuit S0
is almost the same as the power on reset signal POR shown
in FIGS. 1 and 2. However, the signal generating circuit 50
directly detects the potential Vh of the node 30.
Consequently, the accuracy of a timing at which the signal
POR output from the signal generating circuit 50 is inverted
is increased more than in the case where the power on reset
circuit 32 is used.

The operation of the semiconductor integrated circuit
described above is almost the same as that of the semicon-
ductor integrated circuit according to the first embodiment
described with reference to FIG. 4.

Third Embodiment

A semiconductor integrated circuit according to a third
embodiment of the present invention will be described
below with reference to FIG. 6. FIG. 6 is a block diagram
showing a part of the structure of the semiconductor inte-
grated circuit according to the third embodiment of the
present invention. In FIG. 6, the reference numeral 60
designates a wire corresponding to the node 30 shown in
FIG. 1 which has comparatively large capacitance
distributed. for example, a connection to the gates of a lot of
transistors provided apart from one another or a very long
connection. The structure obtained by a power on reset



5,734,281

9

circuit 32A, an inverter 33A and a P channel MOS transistor
A shown in FIG. 6 cormresponds to the structure obtained

by the power on reset circuit 32, the inverter 33 and the P

channel MOS transistor 34 shown in FIG. 1. In addition, the
structure obtained by a power on reset circuit 32B. an
inverter 33B and a P channel MOS transistor 34B and the
structure obtained by a power on reset circuit 32C, an
inverter 33C and a P channel MOS transistor 34C are also
the same as in FIG. 1.

As shown in FIG. 6. three circuits which comprise the
power on reset circuits 32A to 32C, the inverters 33A to 33C
and the P channel MOS transistors 34A to 34C are disper-
sively arranged on the wire 60.

By such a connection, also in the case where the wire 60
is arranged in two or three dimensions and capacitance
components are distributed, any point on the wire 60 can be
uniformly set to a predetermined intermediate potential at
almost the same time and with a smaller error made depend-
ing on places.

While the power on reset circuits 32A to 32C have been
used in the third embodiment, the signal generating circuit
S0 according to the second embodiment may be used so that
the same effects as in the third embodiment can be obtained.
The number of transistors arranged is set corresponding to
the wiring capacitance.

Furthermore, the power on reset circuits 32A to 32C may
be collected so that the same effects as in the above-
mentioned embodiments can be obtained.

Fourth Embodiment

A semiconductor integrated circuit according to a fourth
embodiment of the present invention will be described
below with reference to FIGS. 7 to 9. FIG. 7 is a block
diagram showing the structure of the semiconductor inte-
grated circuit according to the fourth embodiment of the
present invention. The circuit shown in FIG. 7 has a struc-
ture which is a premise of the fourth embodiment according
to the present invention.

In FIG. 7, the reference numeral 71 designates an inter-
mediate potential generating circuit having a structure in
which a current mirror circuit portion is connected to the
back step of an intermediate potential generating portion of
a low consumed power type so that the driving ability can be
increased and an output can be controlled by a control signal
CEA sent from the outside.

FIG. 9 is a circuit diagram showing an example of the
structure of the intermediate potential generating circuit 71
in FIG. 7. In FIG. 9, the reference numeral 73 designates an
intermediate potential generating portion of a low consumed
power type having the same structure as in FIG. 3, and the
reference numeral 74 designates a current mirror circuit
portion for outputting an intermediate potential Vh in
response to an intermediate potential output from the inter-
mediate potential generating portion 73.

If it is not necessary to apply an intermediate potential
VMID with an increase in the driving ability, the control
signal CEA causes the current mirror circuit portion 74 to be
non-operative. Thus, the consumed power can be saved. The
current mirror circuit portion 74 includes an N channel MOS
transistor Q40 having a drain, a gate connected to the drain
of a transistor Q27, and a source to which a ground potential
GND is given, an N channel MOS transistor Q41 having a
drain, a gate to which the control signal CEA is sent, and a
source connected to the drain of the transistor Q40, a P
channel MOS transistor Q42 having a source to which a
source potential Vdd is given. a drain connected to the drain
of the transistor Q41, and a gate connected to the drain of the
transistor Q41, a P channel MOS transistor Q43 having a
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drain. a gate connected to the gate of the transistor Q42, and
a source to which the source potential Vdd is given, an N
channel MOS transistor Q44 having a source to which the
ground potential GND is given, a drain connected to the
drain of the transistor 43, and a gate connected to the drain
of the transistor Q43, an N channel MOS transistor Q48
having a first current electrode connected to the drain of the
transistor Q43, a second current electrode connected to a
node 72, and a gate to which the control signal CEA is sent,
a P channel MOS transistor Q46 having a gate, a first current
electrode connected to the drain of the transistor Q43. and a
second current electrode connected to the node 72, and an
inverter 75 having an input end to which the control signal
CEA is sent and an output end connected to the gate of the
transistor Q46. The transistors Q45 and Q46 form a trans-
mission gate.

FIG. 10 shows the operation of the circuit in FIG. 7.

The control signal CEA has a source potential VDD
between times t3 and t4, between times tS and t6, between
times t7 and t8, between times t9 and t10. and between times
t1 and t12, and has a ground potential GND (0 V potential)

in other sections.
In the current mirror circuit portion 74, the transistors

Q41, Q45 and Q46 are turned off while the control signal
CEA has a low level (O V potential). Consequently, charges
are not supplied to the node 72. For this reason, a period for
which the current mirror circuit portion 74 operates is too
short between the times t3 and t4 so that the potential Vh of
the node 72 cannot be set to the predetermined intermediate
potential VMID. Similarly to a period between the times t3
and t4, the potential Vh of the node 72 cannot be set to the
intermediate potential VMID between the times tS and t6.
The potential Vh finally reaches the intermediate potential
VMID between the times t7 and t8.

As shown in FIG. 10, the current mirror circuit portion 74
having the great driving ability is controlled by the control
signal CEA even though it is provided on the back step of the
intermediate potential generating portion 73 of a low con-
sumed power type. For this reason, the intermediate poten-
tial generating circuit 71 cannot set the potential Vh of the
node 72 to the intermediate potential VMID at the initial
operation stage.

FIG. 8 is a block diagram showing the structure of an
intermediate potential generating circuit of a signal control
type which is provided in the semiconductor integrated
circuit and can set the potential Vh of the node 72 to the
intermediate potential VMID at the initial operation stage
immediately after a power source is turned on. In FIG. 8, the
reference numeral 32 designates a power on reset circuit for
outputting a power on reset signal POR. the reference
numeral 70 designates an OR gate which ORs the power on
reset signal POR and the control signal CEA to output a
control signal CEB. and the reference numeral 71 designates
an intermediate potential generating circuit controlled by the
control signal CEB.

The structure of the intermediate potential generating
circuit 71 is the same as in FIG. 7. The intermediate potential
generating circuits 71 shown in FIGS. 7 and 8 differ in that
only the control signals sent thereto are different from each
other. Furthermore, the power on reset circuit 32 can be
formed in the same manner as in FIG. 4. It is preferable that
the power on reset signal POR should be set to a ground
potential when the potential of the node 72 reaches the
predetermined intermediate potential VMID. The potential
Vh of the node 72 or the source potential Ydd can give a
timing at which the power on reset signal POR is changed.
When using the source potential Vdd, the potential at which
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the power on reset signal POR is changed is set in accor-
dance with the relationship between the source potential
Vdd and the potential Vh of the node 72.

FIG. 11 is a graph showing the relationship between the
power on reset signal POR and the source potential Vdd.
FIG. 12 is a graph showing the relationship between the
potential Vh of the node 72 and the control signal CEB in the
semiconductor integrated circuit of FIG. 8.

The control signal CEA shown in FIG. 10 is ORed with
the power on reset signal POR shown in FIG. 11 so that the
control signal CEB is generated as shown in FIG. 12.
Consequently. the intermediate potential generating circuit
71 supplies charges to the node 72 from the time when the
power source is turned on (origin) to the time 114,
Therefore. the potential Vh of the node 72 is almost set to the
intermediate potential VMID before the control signal CEA
is activated. Thus, the accurate operation can also be
obtained in the initial state for the semiconductor integrated
circuit using the intermediate potential generating circuit 71.

After the power on reset signal POR is set to the low level.
the current mirror circuit portion 74 becomes operative by
the control signal CEA so as to keep the intermediate
potential VMID if necessary. Consequently, the intermediate
potential generating circuit 71 can simultaneously display
the conflicting functions, that is, the great driving ability and
the low consumed power.

While the power on reset circuit 32 has been used in the
fourth embodiment, the signal generating circuit 59
described in the second embodiment may be used so that the
same effects as in the above-mentioned embodiments can be
obtained.

While the invention has been described in detail, the
foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions and variations can be devised without departing from
the scope of the invention.

We claim:

1. A semiconductor integrated circuit comprising:

an intermediate potential generating circuit for generating

an intermediate potential between a power supply
potential and a ground potential to apply said interme-
diate potential to a predetermined node having a
capacitance between the predetermined node and the
ground potential;

at least one P channel MOS transistor having a source to
which said power supply potential is applied, a drain
connected to said predetermined node, and a gate; and
a reset signal generating circuit for applying said ground
potential to said gate of said at least one P channel MOS
transistor until said power supply potential reaches said
intermediate potential, and for applying said power
supply potential to said gate of said at least one P
channel MOS transistor so as to turn off said at least
one P channel MOS transistor after said power supply
potential reaches said intermediate potential.
2. The semiconductor integrated circuit as defined in
claim 1, wherein said predetermined node includes a wire;

said at least one P channel MOS ftransistor includes a
plurality of P channel MOS transistors; and

said plurality of P channel MOS transistors are distributed

over said wire.

3. The semiconductor integrated circuit as defined in
claim 1, wherein said reset signal generating circuit includes
a CMOS inverter which has an input end and an output end
connected to said gate of said at least one P channel MOS
transistor. and receives at its input end either said power
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supply potential or said ground potential, and a power on
reset circuit for applying said power supply potential to said
input end of said CMOS inverter until said power supply
potential reaches said intermediate potential and for apply-
ing said ground potential to said input end of said CMOS
inverter after said power supply potential exceeds said
intermediate potential.
4. A semiconductor integrated circuit comprising:
an intermediate potential generating circuit for generating
an intermediate potential between a power supply
potential and a ground potential to apply said interme-
diate potential to a predetermined node having a
capacitance between the predetermined node and the
ground potential;
at least one P channel MOS transistor having a source to
which said power supply potential is applied. a drain
connected to said predetermined node, and a gate; and
a reset signal generating circuit for applying said ground
potential to said gate of said at least one P channel MOS
transistor until said power supply potential reaches said
intermediate potential, and for applying said power
supply potential to said gate of said at least one P
channel MOS transistor so as to turn off said at least
one P channel MOS transistor after said potential of
said predetermined node reaches said intermediate
potential.
5. The semiconductor integrated circuit as defined in
claim 4, wherein said predetermined node includes a wire;

said at least one P channel MQOS transistor includes a
plurality of P channel MOS transistors; and

said plurality of P channel MOS transistors are distributed

over said wire.

6. The semiconductor integrated circuit as defined in
claim 4, wherein said reset signal generating circuit includes
a CMOS inverter which has an input end and an output end
connected to said gate of said at least one P channel MOS
transistor, and receives at its input end either said power
supply or said ground potential, and a signal generating
circuit for applying said power supply potential to said input
end of said CMOS inverter until said potential of said
predetermined node reaches said intermediate potential and
for applying said ground potential to said input end of said
CMOS inverter after said potential of said predetermined
node exceeds said intermediate potential.

7. A semiconductor integrated circuit comprising:

a predetermined node having a capacitance between the

predetermined node and a ground potential;

an intermediate potential generating portion for generat-
ing a first intermediate potential between said ground
potential and a power supply potential; and
a current mirror circuit portion connected between said
predetermined node and said intermediate potential
generating portion, and formed in such a manner that an
output current can be turned on and off by ORing of a
control signal and a power on reset signal, and which
amplifies a current which is supplied to said predeter-
mined node to apply a second intermediate potential
received from said intermediate potential generating
portion;
wherein said power on reset signal is changed to a level
at which said current mirror circuit portion is turned off
when the potential of said predetermined node reaches
said second intermediate potential.
8. The semiconductor integrated circuit as defined in
claim 7, wherein said current mirror circuit portion includes
a first N channel MOS transistor having a gate which
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receives said first intermediate potential from said interme-
diate potential generating portion, a source to which said
ground potential is given, and a drain;
a second N channel MOS transistor having a source
connected to said drain of said first N channel MOS
transistor, a gate to which a logic OR function of said

control signal and said power on reset signal is given,
and a drain;

a first P channel MOS transistor having a source to which
said power supply potential is given, a drain connected
to said drain of said second N channel MOS transistor,
and a gate connected to said drain of said second N
channel MOS transistor;

a second P channel MOS ftransistor having a source to
which said power supply potential is given, a gate

10

14

connected to said gate of said first P channel MOS
transistor, and a drain;

a third N channel MOS transistor having a source to
which said ground potential is given, a gate connected
to said drain of said second P channel MOS transistor,
and a drain connected to said drain of said second P

channel MOS transistor; and

transfer gates which are connected between said prede-
termined node and said drain of said second P channel
MOS transistor and controlled by said logic OR func-
tion of said control signal and said power on reset
signal.
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